We have used observations obtained as part of the HST/ACS Survey of Galactic Globular Clusters to construct a color-magnitude diagram for the bulge cluster, NGC 6366. The luminosity function derived from those data extends to M F606W ∼ 9, or masses of ∼ 0.3 M ⊙ . Unlike most globular clusters, the mass function peaks near the main sequence turnoff with significantly fewer low-mass stars even after correction for completeness and mass segregation. Using a multimass King model, we extrapolate the global cluster behavior and find the global mass function to be poorly matched by a power-law, with a particular deficit of stars with masses between 0.5 and 0.7 M ⊙ . We briefly discuss this interesting anomaly within the context of tidal stripping.
INTRODUCTION
Galactic globular clusters (GCs) have been considered as the ideal laboratories for the study of the complex interplay between stellar dynamics and stellar evolution. In recent years, the availability of ground-based wide-field imaging facilities and the Hubble Space Telescope (HST) have made it possible to cover all the evolutionary sequences in GCs, from the cluster centers to the outskirts. The high angular resolution of HST offers particular advantages in crowded regions, and initially observations concentrated on cluster cores (e.g.
De Marchi & Paresce 1994) . With the installation of WFPC2, more panoramic studies became possible, including luminosity function determinations for 47 Tucanae (De Marchi characteristic mass ∼ 0.33 M ⊙ (Paresce & De Marchi 2000) , or as a power-law distribution, dN/dM = m α , with indices α ∼ −1 (Piotto & Zoccali 1999) . In either case, the overall form of the mass function is broadly consistent with analyses of observations of lower-mass stars in the Solar Neighborhood (Reid et al. 2002) . We are currently using the data obtained in the course of the ACS Galactic Globular Cluster Survey (ACS GGC, Sarajedini et al. 2007 ) to determine mass functions extending to ∼ 0.2M ⊙ for 65 clusters. We will discuss the bulk of those results, and correlations between the parameterized mass function and other intrinsic properties, in a future paper; here, we present our analysis of NGC 6366, one of the more unusual clusters in the sample.
Globular clusters provide insight into how dynamical effects can lead to the dissipation of star clusters. Over time, the radial distribution of stars in the cluster is governed by relaxation processes (Spitzer 1987 ) that allow high mass objects to settle in the cluster core and throw low mass stars to the periphery of the cluster where tidal stripping and shocks can remove them from the cluster. These effects lead to significant evolution in the cluster Many of the tidally-stripped clusters are denizens of the Galactic bulge, and are therefore subject to relatively frequent passages through high density central regions of the Milky Way. NGC 6366 is one of the less studied members of the bulge population with extremely limited ground-based observations making up the only previous studies.
Consequently, the published photometry barely reaches two magnitudes below the main-sequence turnoff in the color-magnitude diagram and we have no direct information on the orbital characteristics.
In this paper we present analysis of new observations of NGC 6366 using the ACS Wide
Field Channel (ACS/WFC). We find that the global present-day mass function (PDMF) for this cluster shows a steep slope (declining numbers with decreasing mass) and a very interesting non-power-law shape. Section 2 describes the observations, photometry, and data analysis. Section 3 discusses dynamical models of the cluster and reveals the cluster mass function. Our conclusions are given in Section 4.
OBSERVATIONS, PHOTOMETRY, AND DATA ANALYSIS

Color Magnitude Diagram
NGC 6366 was observed using the ACS/WFC as part of the HST treasury program "An ACS Survey of Galactic Globular Clusters" (GO 10775 P.I. Ata Sarajedini). A total of 10 exposures were made with four 140 second 'long' exposures and a single 10 second 'short' exposure in the F606W and F814W filters. As with all of the clusters in this program, the observations were centered on the cluster core. NGC 6366 lies at α = 17 h 27 m 44 s ,
• . The cluster has a core radius of 1.57 arcminutes and the ACS observations cover an area 3.3 × 3.3 arcminutes in size .
Previous investigations of NGC 6366 include a photographic study by Pike (1976) to a depth slightly below the horizontal branch. Harris (1993) obtained deeper ground-based observations, aimed primarily at exploring the blue straggler and variable star population of the cluster. More recently, Alonso et al. (1997) obtained ground-based BV photometry that extends to V ∼ 20.5, or ∼ 1.5 magnitudes below the turnoff. Based on those data, they estimate a foreground reddening of E(B − V ) = 0.70 magnitudes from which a distance modulus was derived of (m − M) • = 12.26 magnitudes, or d ∼ 2.8 kpc. This corresponds to a Galactocentric radius of R GC = 4.9 kpc (Rosenberg et al. 2000) .
For this study, stellar magnitudes were measured in the ACS images using the ePSF method of Anderson and King (2006) . A full description of the measurements and photometric analysis is given in Anderson et al. (2008) . In our procedure, we measure the stars directly on the HST flt images in order to determine the best possible flux and position for each star. While drizzled images are often used in photometry, the drizzling process distorts the point-spread function, resulting in significantly poorer photometry in crowded regions. The color-magnitude diagram derived from our analysis is shown in Figure   1 . It is clear that NGC 6366 has modest populations of equal-mass main-sequence binaries (a fractional contribution of ∼ 5% on the upper main sequence) and blue stragglers. We discuss the spatial distribution of those stars in the following section.
Isochrone fitting using isochrones from the Dartmouth Stellar Evolution Program (DSEP) ) was used to determine the distance modulus and reddening of the cluster, a task complicated by the wide range of metallicities quoted for NGC 6366 in the literature. Zinn & West (1984) that the observed CMD is best fit by an isochrone at the lower end of the metallicity range, so the Zinn & West (1984) abundance was adopted as a starting point. This work uses scaled-solar metallicity isochrones so an adjustment was required based on the assumed α-element enhancement of the cluster. Assuming [α/Fe]= 0.2 and using the result presented by Salaris et al. (1993) , the overall metal abundance is Z = Z 0 (0.638f α + 0.362) where Z 0 is the iron abundance and f α is the α-element enhancement. This corresponds to a scaled-solar metallicity of [Fe/H]= −0.85. Consequently, isochrones with [M/H]= −0.70, −0.85, and −1.10 were matched against the cluster. This can be seen in Figure 1 . The isochrones were generated in the native HST filter system. The scaled-solar [Fe/H]= −0.85 models for age 13.5 Gyrs give the best fit, and we adopt these as the reference set in this paper.
Matching against the 13.5 Gyr isochrone, we find a color excess of E(F606W−F814W) = 0.76 and an apparent distance modulus of (m − M) F606W = 14.8. Using the relation found in Bedin et al. (2005) , the average reddening for the cluster results in an extinction of A F606W = 2.20 and an extinction-corrected distance modulus of (m − M) • = 12.6. We have applied no corrections for differential reddening across the cluster. Even though the extinction is rather high, the broadening of the main sequence is rather small. We feel that such small broadening will have a minimal effect on the mass function derived here.
Completeness and Field Star Contamination
After identifying all the stars in the ACS images, we ran artificial star tests using 10 5 artificial stars to assess the completeness and measurement quality for the data set. The artificial stars were analyzed using the method outlined in Paust et al. (2007) to determine completeness as a function of both magnitude and distance from the cluster center. The input and recovered artificial stars are binned on an annular grid with a radial spacing of 100 pixels (5 arcseconds) and 0.5 magnitudes sampling in luminosity. The ratio of recovered to input artificial stars in each bin gives the completeness. In this process, all objects with photometric uncertainties greater than 0.4 magnitudes in F606W or F814W
were removed from the photometric catalog, with similar cuts applied to the artificial star catalog. Background galaxies are not well-fit by the stellar point spread function resulting -11 -in larger photometric errors resulting in their removal from the catalog after clipping by photometric uncertainty. The artificial stars are added with realistic Poisson noise and are measured using the same procedure used for the real stars. The measured artificial stars must be within ±0.75 pixels of the input position and within ±0.75 magnitude of the input magnitude. This greatly reduces false positive detections where a real star might be counted as a recovered artificial star. Over the magnitude range of interest for this paper from roughly the main sequence turnoff down to m F606W = 25.5, the input and recovered magnitudes of the artificial stars differ by an amount less than the 3-σ limits used to separate cluster and field stars. This consistent choice assures that the artificial stars are not held to a higher standard than the real stars and ensures that the artificial stars follow the same trends in completeness as the real stars. To determine completeness the ratio of recovered to input artificial stars is examined as a function of cluster radius and magnitude.
NGC 6366 is a fairly sparse cluster with a low degree of crowding resulting in very high completeness. The right panel of Figure 2 illustrates that the photometry is better than 90% complete over the magnitude and radius range used to determine the stellar mass function. This map of completeness in radius and magnitude is then interpolated to weight the real stars when binned in the luminosity function or mass function.
The artificial star tests show that our photometric data reach the 50% completeness level at approximately m F606W = 26.75 independent of radius since crowding is minimal in the cluster. However, due to increasing field-star contamination at faint magnitudes and a scarcity of cluster stars, this work deals only with photometry to m F606W = 25.5 where the stellar sample is better than 90% complete. As in Paust et al. (2007) , a σ-clipping routine was used to remove field stars and stars not on the main sequence, subgiant branch, and red giant branch sequences. This method will result in the elimination of some equal-mass binary cluster members, and will not remove field stars that lie along the cluster sequences.
However, those stars do not have a large effect (< 5%) on the luminosity function or mass function for the cluster.
Field star contamination can be easily seen and quantified with a ridge-color-subtracted color magnitude diagram following the method outlined in Cool et al. (1996) . This diagram can be seen in Figure 2 , and we can use these data to derive a reliable estimate of the number of field stars contaminating the NGC 6366 luminosity function. In the Figure Field star contamination is therefore a small issue, at worst 5%, in the luminosity function and mass function. Moreover, the field star population increases in number with decreasing magnitude (Figures 1 and 2 ). Consequently, any significant contamination should lead to an overestimate of the number of cluster members at low masses and to an inferred mass function that is too steep (too negative a slope). In contrast, as will be discussed in Section 3.3, the mass function that we infer for NGC 6366 is flatter (more positive index) than the results measured for most other clusters; thus, subtracting additional stars for field contamination can only make the derived mass function more positive.
We will consider dynamical evolutionary effects in more detail in the following section.
However, Figure 3 provides a qualitative illustration of mass segregation in NGC 6366.
We have divided the ACS dataset into four equal areas, covering radii from 0 to 50 arcseconds; 50 to 70.7 arcseconds; 70.7 to 86.6 arcseconds; and 86.6 to 100 arcseconds. Figure 3 shows the color magnitude diagrams for each region. Since each segment covers an equal area, the field star contribution should be statistically the same in each. We note that both the binaries and the blue stragglers are concentrated towards the central regions of the cluster, as one would expect for higher-mass objects. Even in the center, however, the relative number of stars on the photometric binary sequence is only ∼ 7% of normal main-sequence stars (Milone et al. 2008, in preparation) . We have not attempted to deconvolve the photometric binaries and include those stars in the luminosity function calculations described in the following section. The likely properties of both binaries and blue stragglers will be discussed in more detail in a future paper that will consider the broader context of binary populations in the full ACS GGC survey.
DYNAMICAL MODELS AND THE MASS FUNCTION
Methodology
The ACS/WFC covers a field of view of approximately 202 × 202 arcseconds, and our observations therefore include only the central regions of the clusters targeted by the ACS GCC survey. Theoretical models (e.g. Spitzer 1987 ) predict that energy equipartition should lead to mass segregation. This was first observed by Sandage (1954) in M3 and Tayler (1954) in M92 although the mass segregation was mentioned only in passing. Oort & van Herk (1959) expanded on the data from Sandage and gave the first clear demonstration of mass segregation. More recently, mass segregation was observed in 47 Tuc by Da Costa (1982) using ground-based observations and by Paresce et al. (1995) using HST. Further early HST work (eg King et al. 1995) have confirmed the presence of mass segregation in other clusters. The ACS observations in this program are centered on the cluster, so mass segregation dictates that the luminosity function, and hence the mass function, measured directly from the data is biased towards more luminous, higher mass stars. covering radii from 0 to 50 arcseconds; 50 to 70.7 arcseconds; 70.7 to 86.6 arcseconds; and and 86.6 to 100 arcseconds. As discussed in the text, the inner CMDs include significant numbers of main-sequence binaries and blue stragglers.
Dynamical models need to be employed to convert the observed quantities to parameters that characterize the global cluster properties. These adjustments need to be applied to all the ACS GGC observations, so we take this opportunity to outline the general techniques employed.
Our analysis uses the dynamical models developed by Anderson (1997) , which are in turn based on the multi-component King model formalism developed by Gunn & Griffin (1979) . The models are constrained to be isotropic and the cluster stars are partitioned into separate mass components by combining luminosity function data with an appropriate mass-luminosity relation (MLR). As discussed in more detail in §3.3, we use mass-luminosity data from DSEP models ). The formalism that we adopt is as follows:
• We define the model mass components via the luminosity function, binning the stars in 1 magnitude intervals along the main sequence, with the characteristics mass of each bin and the mass limits for each bin set by the MLR for the appropriate metallicity. Stars from the tip of the red giant branch to our completeness limits are included, encompassing red giant branch stars, stars on the horizontal branch, subgiants, blue stragglers, main-sequence turnoff (MSTO) stars, and regular main sequence stars. The model includes additional mass bins to represent compact objects in the form of ∼ 1.5M ⊙ neutron stars and ∼ 0.6M ⊙ white dwarfs.
• The structural parameters (the core radius, r c , and tidal radius, r t ) are constrained using the cluster surface brightness profile. Integrating the luminosity function of a typical globular cluster shows that the light profile is dominated by evolved stars, with ∼ 85% of the total flux coming from stars brighter than the main-sequence turnoff. The cluster luminosity profile therefore constrains the spatial distribution of stars with mass ∼ 0.8M ⊙ .
• The mass distribution within a reference region at a particular radius is constrained by measuring the luminosity function within an annulus. The sampling region needs to be sufficiently wide to ensure both sufficient numbers of stars for reliable statistics, but sufficiently narrow to minimize differential mass segregation.
Given these initial constraints, the models are used to generate the predicted radial distributions of each mass component. Those predictions are verified by matching the predicted luminosity function against the measured results at a range of radii. Note that the model predicts both the shape of the luminosity function and the normalization as a function of radius; that is, there are no free parameters in matching against the data.
The final outcome is a weighting function that scales the observed luminosity function in the reference region to give a luminosity function that represents the integrated cluster properties, the global luminosity function.
The Global Luminosity Function of NGC 6366
We have applied the techniques outlined in §3.1 in our analysis of NGC 6366. The NGC 6366 is a Bulge cluster, and has experienced extensive dynamical interactions over its lifetime. As discussed further below, those interactions appear to have resulted in significant mass stripping and the preferential removal of lower-mass main sequence stars.
This has implications for the contribution of (relatively high mass) degenerate remnants to the total mass budget. Consider an initial mass function (IMF) comparable with the local Galactic disk; that distribution can be represented as a composite power-law, with index α = −1 for stars below 1M ⊙ and α = −2.3 at higher masses. If we assume a turnoff mass of 0.8M ⊙ , and assume that stars with M > 6.5M ⊙ have evolved to neutron star remnants, then we expect ∼ 15% of the initial stellar population to have evolved to white dwarfs, while ∼ 0.5% are neutron stars. As lower-mass main sequence stars are removed from the cluster, those fractions will increase. We have examined the effect of increasing these fractions by up to a factor of ten. Our tests indicate that the derived global mass function is affected at less than the 20% level, comparable with the overall uncertainty from other sources. Thus, changing the compact object fractions does not have a significant effect on our conclusions regarding the global mass function of this cluster. We have combined the ACS/WFC observations with the surface brightness profile from Trager et al. (1995) , converting the latter measurements to F606W magnitudes using the average color of stars above the MSTO and transformations from Sirianni et al. (2005) . We derive revised values of 1.57 arcminutes for the core radius and 24.2 arcminutes for the tidal radius. The Trager et al. (1995) data extend to radii of only ∼ 9 arcminutes, so the latter parameter is weakly constrained by the surface brightness profile. However, changes in the model tidal radius produce noticeable changes in the luminosity functions seen in Figure   5 resulting in a stronger constraint on the tidal radius. While the new surface brightness profile agrees very well with the Trager profile over the region they share in common, it is preferably to use the HST/ACS profile to determine the core radius for several reasons: in particular, we have star counts for the new data which allow for determining the Poisson uncertainties associated with the profile; and the new profile is native to the F606W bandpass, removing any potential errors in the conversion from V to F606W. Since both profiles agree well, the derived core radius would not change significantly if only the old data were used. The comparison between the model and the data is shown in Figure 4 . As noted is §3.1, these values are appropriate for ∼ 0.8M ⊙ stars.
Combining these constraints with the luminosity function from the reference annulus,
we have used the dynamical model to predict how the luminosity function changes as a function of radius. Figure 5 compares those predictions against the measured luminosity functions in annuli at larger radii. There are disagreements at the 10-15% level in the numbers of subgiant and giant branch stars predicted, but the agreement is good along the main sequence. As expected, the relative contribution of lower luminosity, lower-mass main-sequence stars increases with increasing radius. The global luminosity function is derived by integrating the model over its full extent out to the tidal radius. That integration shows that, while the ACS/WFC data cover only a small fraction of the cluster area, half of the cluster members lie within this observed region.
The Mass-Luminosity Relation and Global Mass Function
Transforming a luminosity function to a mass function requires a mass-luminosity relationship (MLR). While empirical data, based on stellar binaries, can be used to derive this relationship for disk dwarfs, no such data exist for metal-poor halo stars; consequently, we must rely on MLRs derived from theoretical models. Figure 6 compares the results from four sets of models, by Baraffe et al. (1997) , Montalban et al. (2000) , Pietrinferni et al. (2006) , and the DSEP models from Dotter et al. (2007) . We show comparisons in both the The deficit of red giant branch stars in the 50-75 arcsecond annulus appears to be real as the surface brightness also dips at that radius in Figure 4 . level in the absolute calibrations. We take the recent DSEP calculations as the reference for the present analysis, although we will consider the effects of using different MLRs. It is important to note that the good agreement between the Pietrinferni et al. (2006) and DSEP models, and the differences between those models and older models, is undoubtedly related to improvements in the understanding of stellar physics in recent years. These improvements cover a wide range from inclusion of heavy element diffusion to improved reaction rates to a better understanding of low temperature and molecular opacities. It should therefore be no surprise that there are systematic disagreements between the older and newer sets of models. As our final mass functions are dependent on the derivatives of the mass-luminosity relation, we present these derivatives in Figure 7 . In general all of the models change in the same manner with the more recent models, DSEP and Pietrinferni et al. (2006), agreeing extremely well. In particular, we note that the derivatives are smooth over the region from 0.5 to 0.8 M ⊙ .
As mentioned in §3.1, we have used the MLR from the DSEP models to transform the global luminosity function to a mass function, determining the mass corresponding to the center of each luminosity bin. The bounding magnitudes on each bin were also converted to masses in order to find the mass range contained in each bin. The number of stars in each mass bin is divided by the width of the mass bin resulting in units of number of stars per unit mass. These data are listed in Table 1 . For main sequence stars, this technique works well. However, the bins in the luminosity function through the upper subgiant and red giant branch sample very small intervals in mass, leading to substantial uncertainties in the derived mass densities. Consequently, we have not included those stars in the derived mass function. true significance of the dip. Indeed, the lowest point of the dip in the coarsely binned mass function is 4.7-σ below the power law while the lowest point of the finely binned mass function is 6.7-σ lower than the power law. The dip becomes even more significant given that the deviation is correlated across multiple bins, each of which is many sigma below the fit. A second issue could artificially inflate the number of stars at the MSTO if the adopted distance modulus is incorrect. Significantly changing the population at the MSTO however would require adopting a distance modulus which is completely ruled out by comparison between model isochrones and the cluster color-magnitude diagram.
The missing stars can also be seen in a direct examination of the cluster luminosity function. Figure is not an error introduced in the procedure generating the mass function, but is a real deficit of stars in that magnitude range. It is also important to note that the dip cannot be due to binary stars, the number of binaries in the mass range of the dip would have to be more than quadrupled compared to stars at higher and lower masses. If we assume that all stars lying between the +3-and +6-sigma lines in Figure 2 are cluster binaries, then the additional stars provide only one quarter of the number of stars required to fill the dip. It is also not clear how binaries could preferentially be produced in the mass range of the dip.
The global mass function rests on the luminosity function in the reference annulus. Given that NGC 6366 is a sparse cluster, a possibility that needs to be considered is that the ∼ 0.6M ⊙ dip stems from poor sampling statistics within that reference region. We can check this by computing the mass functions from the luminosity functions measured at other radii. Figure 11 shows the results, plotting local mass functions in the ACS field of view. All of the annuli except than the innermost one show a deficit of stars around 0.6 M ⊙ when compared to a power law mass function. The innermost annulus contains the fewest number of stars and therefore has the highest Poisson uncertainties. This adds further support to the claim that NGC 6366 is really missing stars in the middle of the mass range currently existing in the cluster.
One further check can be completed to investigate whether the dip in the global mass function is due to the region used as input to the dynamical models, the models can be run using the other three regions as input. The results of this modeling can be seen in Figure   12 . All the annuli show a consistent pattern with a larger number of stars near the MSTO, a relatively smaller number of stars at 0.6 M ⊙ (log 10 (M) = −0.22), and then an increase lower on the main sequence until the final drop at the adopted magnitude limit. The index of the power laws steepen from α = 0.75 in the outer annulus to α = 1.96 in the cluster core, in line with expectations of mass segregation. As shown by the results from Figure 9 , this result can not be attributed to uncertainties in the exact turnoff mass.
DISCUSSION
Mass segregation and tidal stripping are predicted to combine to preferentially remove low mass stars from stellar clusters. As a cluster undergoes dynamical relaxation, energy equipartition leads to a correlation between velocity dispersion and mass. High mass stars have lower velocity dispersions, and tend to be confined to the central regions, while low mass stars populate the outer regions of the cluster. As a result, those lower mass stars are Lying in the inner Galaxy, NGC 6366 is likely subject to frequent gravitational encounters, which could lead to the severe depletion of low mass stars evident in Figure 8 . The work of Gnedin & Ostriker (1997) predicts a very short lifetime for NGC 6366 of between 0.12 and 0.61 Hubble times suggesting that stripping and tidal shocks play a very important role in this cluster. Thus, the steep positive slope to the mass function is interesting, but is not a huge surprise.
However, the theoretical expectation is that both mass segregation and the consequent tidal stripping should be a smooth function of mass, with stellar depletion increasing with decreasing mass. Thus, for a system with a power-law initial mass function, one might expect α to increase smoothly with time. It is difficult to envisage how this process could lead to preferential depletion of ∼ 0.6 M ⊙ stars. The lack of stars in this mass range can not be explained by the mass-luminosity relation used. Filling this depression would require a large kink in the MLR, which is not seen in any theoretical models of lower main-sequence metal poor stars. Selecting a different theoretical MLR from those shown in Figure 6 will not affect the shape of the mass function. As noted above, the Pietrinferni et al. (2006) models are essentially identical to the DSEP models. The older models can disagree by ∼ 10%; however, the mass-luminosity relations are smooth within the key mass range of interest here, so while the location of the dip may change by as much as 0.05 M ⊙ , the shape of the mass function will not.
Clearly, additional observations are required to further investigate this interesting cluster. In particular, proper motions would allow a determination of the space motion, and hence an estimate of the Galactic orbit and the potential for past dynamical interactions.
The present observations include approximately half the cluster members, yet it remains possible that our mass function analysis is affected by sampling uncertainties within this rather sparse cluster. Further wide-field imaging, covering the full cluster, will provide insight into whether the ∼ 0.6M ⊙ deficit apparent in our dataset is really a global property of the cluster. Finally, detailed spectroscopy of giant branch and horizontal branch stars will provide important information on whether there are any abundance anomalies associated with the unusual cluster mass function
We are currently in the process of analyzing data for the remaining 64 Galactic globular clusters in the ACS survey, including a significant number of clusters in the Galactic bulge. M/M ⊙ completeness log 10 (N) log 10 (N − σ) log 10 (N + σ)
